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In NBI heated plasmas of LHD, energetic ion driven MHD 
instabilities were observed1>·2>. Recent studies indicate the 
following four kinds of MHD modes : toroidicity induced 
Alfven eigenmodes (TAEs), ellipticity induced ones (EAEs), 
global Alfven eigenmodes (GAEs) with toroidal mode number 
n=O, and energetic particle continuum modes (EPMs) or 
resonant TAEs (R-TAEs). The TAEs and/or EAEs are located in 
the respective spectral gap of shear Alfven spectra, of which gap 
is formed by the coupling of poloidal harmonics with mode 
numbers m and m + 6. . Here 6. is 1 for TAEs and 6. is 2 for 
EAEs. The gap frequency is expressed as !AE=vA/(4TCRqAE), 
where vA=B/().l{)Pm) 112 (B is the resultant magnetic field and Pmis 
ion mass density) is the Alfven velocity, R is plasma major 
radius, and PAE=(2m+ 6. )12n. When the following criteria for 
energetic ion velocity are satisfied, TAEs or EAEs can be 
excited, that is, for TAEs, v1;1vA>1 (fundamental excitation) and 
v1;1vA> 113 (sideband excitation), and for EAEs, v1;1vA> 1/2 
(sideband excitation). 
Temporal evolution of a typical discharge where TAEs 
and EAEs are excited is shown in Fig. 1, where hydrogen beam 
of the energy ENB1 = 150 keY are tangentially injected into He 
plasma in the configuration of Rax = 3.6 m (at the vacuum field) 
at B1 = 0.75 T. The dominant mode numbers of magnetic 
fluctuations are identified to be min = 110, 312, 2/1, n=1, as 
shown in Fig. 1. The observed frequencies of m!n=211, 3/2 mode 
and n= l mode agree well with the respective TAE and EAE gap 
frequency !TAE and !EAE that are formed by m=2, 3/n= l, 
m=3,4/n=2 and m= l ,3/n=l mode coupling. The observed modes 
propagate in the diamagnetic drift direction of energetic ion. 
We compare these observed frequencies with the shear 
Alfven continua that are calculated for 2D and 3D magnetic 
configurations, where .toroidal mode coupling is ignored in the 
2D case and is taken into account in the 3D case. A family of 
modes with toroidal mode number n' satisfying the relation n' ± 
n=kNP (k= .. . ,-2,-1,0,1,2, ... ) can couple with the mode having 
the toroidal mode number n. where NP is the field period and 
Np=10 for LHD. In LHD case, the Nr1 mode family is 
composed by Fourier modes with n'=± 1, ±9, ± 11, ... etc. 
Shear Alfven spectra for Nr1 on the 2D approximation is 
shown in Fig. 2 (a). The spectra that mode coupling among n=l 
and n=9 Fourier modes is taken into account are shown in Fig. 2 
(b). The grey lines indicate the measured magnetic fluctuation 
frequencies. First, we compare the experimental data with the 
calculated spectra shown in Fig. 2 (a). The frequency lfexp = 54 
kHz) of n=l TAE lies in the innermost TAE gap which are 
formed by m=2,3 poloidal mode coupling, and intersects the 
Alfven continua in the edge region p-0.7-0.9. This suggests that 
the observed n=l TAE may have a character of so-called core 
localized type TAEs, and may be similar to that observed in 
CHS 2>·3>. Next, we compare the data with the spectra in Fig. 
2(b ), where Alfven spectra tend to be densely packed. Therefore, 
the gap frequency of 54 kHz hits the Alfven spectra at many 
points where mode would be strongly damped due to continuum 
damping. From experimental data, the effects of toroidal mode 
coupling are thought to be quite weak in LHD, similar to the 
case in CHS2>. That is, the basic properties of TAEs in LHD can 
be discussed on the 2D approximation. Note that the frequency 
ofmode with/cxp= l27 kHz lies in the EAE gap. 
Fig. I. Temporal time evolution of a typical discharge 
where TAEs and EAEs are excited . 
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Fig. 2. Shear Alfven spectra for Nr= 1 modes 
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